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~ TUDY ON THE fATE OF 2,6-TDI (T-0) 
ItJ ~ !r\TER 

M. KITANC, Y.YAKABE ANDY SHIMOGAWA 

Chemicals Inspection and Testing 
Institute, Japan. 

This study is part of a programme (Project FE-E-63) to 
investigate the interactions of isomers of TDI with water 
under different conditions. Other reports complement the 

present one. 

I. programme of studies (FE-E-74) on the interactions of MDI 
with water is also in progress. 

Fur~her information may be obtained from the Scientific 
Office. 

FE- E-63-III 

I , , I , I/ 

10862 
93.01.25 

Head Office; 119 Cheny Hill Road, Pars1ppany, New jersey 07054, USA. 
Scientific Office; c/o P.O Box 42. Hexagon House. 

Blackley, Manchester M9 3D A. Englanrl. 



I F Hoffmann ICI H Mann BAYER N Tohma TAKEDA 
K Blankenship DOW' p Davies ICI T Sose SBU 
L L Jackson DOW' c Bast i an DOW' H Kitahara NPU 
I. Bailey DOW' H Bourguignon EC~ s Hichishima DHK 
K T French OLIN J H Dobbs ZENECA/ICI H Tachibana MITSUI 
C Grigsby BASF J Hutchison BASF , Menezes PRO NOR \l K).ebert BAYER 
l Notaro ICI J C .Parron RH0NE-POULENC 
I Ode HILES B Reeve SHELL 
P Rubbe BASF 

The fate , f 2,6-TDI (T-0) in vatMr vaa inv,atigatad undar tvo cooditiona, vigorouo otirring and otat~c condition•, 
... the raaulta vera coapared vith tho•• of T-100 and T-80. 

The folloviq raault:a vera obtained! 
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TDI diaappaazed coapl1taly after 24 houra, but the 
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taned and th- the .,lecular vaiaht of it could not be to be datarained. 

(2) Und•r atatic condition, 
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Tba a.ount of TD.l produced incraaaad aradualy until the and of 
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Summary 

The fate of tolylene 2, 6-diisocyanate l2.6-TDI. T-0) in water was 

studied under two conditions . vigorous stirring and stat i c conditions. and 

the result was com~red with those of Part I and II of FE-E-63 . 

Under the vigorous stirring condition , TDI disappeared s!ightly slower 

and the amount of the corresponding amine produced was about two times 

larger than T-100 and T-80 . 

On the other hand. the disappearance rate of TDI under static 

condition was slow largely compared with T-100 and T-80 and even after 3 

month , about 40 %of TDI remained . 

In this study, the variation in the kinetic behavior· of the fate of 

TDI in water with isomer was clarified . 



1 . Title of research prJject 

Study on the fate of 2.6-TDI (T-0) in water 

2 . int roduction 

In Part I nnd II of FE-E-63, we studied the fate of 2,4-TDI and 

mixture of 2,4- and 2.6-TDI (80/20 V/V) in water, respectively, under two 

conditions; vigorous stirring and static conditions . It was found that the 

disappearance rate of TDI and the amount of corre~ponding amine produced 

were different between the test substance unde r both conditions . These 

results suggest that the disappearance rate of TDI and the amount of the 

amine produced in water are dependent on chemical structure of TDI . 

Consequently to clarify the variation in these kinetic parameter with 

isomer of TDI is important in the study on the fate of TDI in environment . 

In this report. we studied the fate of 2,6-TCI in water under the same 

condition as Part I and II of FE-E- 63 and the resu l t was compared with 

those of previous two stud ies . 
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3. Purpose of the research 

To compare rPaction of T-0 in water with that of T-100 and T-80 under 

vigorous stirring condition . 

4 . Test materials 

4 .1 Test substance 

T-O (tolylene-2,6-diisocyanate) 

(1) Structure 

Structural formula 

NCO 

2,6-TDI 

Molecular formula 

Molecular weight 174 . 16 



4 . 2 ~eference compound 

2,6-diaminotoluene 

(1) Structure 

Structural formula 

Molecular formula 

Molecular weight 

(2) Purity 

98 " 

(3) Purchase 

122 . 17 

Purchased from Tokyo Kasei Kogyo ro . , Ltd . 



5 . Test method 
The reaction of T-O with water were examined under two conditions . 

5 . 1 rJgorous stirring system 

5 . 1 . 1 Reaction conditions 

Test substance 

Nominal concentration 

Water temperature 

Water 

Addition of TDI 

Mixing apparatus 

T-O (2,6-TDI) 

1000 mg/1 

27 ± 1 t 
Purified water 

250 mg of (specific gravity 1 . 22 x 204 .9 pi 

- 250 mg) TDI was added into 250 ml of 

waf:er in a flask (volume of 3110 ml) by 

use of micro pipette . 

Magnetic stirrer 

( IWAKI GLASS Co ., Ltd . type PC-35 1) 

Teflon stirring bar 4 em ':' 12 mrn~ 

Rotation rate 1300 rpm 

5 . 1.2 Pretreatment of analytical sample 

Aliquots of reaction mixture were taken out at 0 . 5 . l , 3. 8 and 

24 hours after addition of T-0, and was pretreated to prepzre the 

samples for quantification of residual TDI, TDA . dissolved organic 

carbon (DOC) according to the flow scheme in the next page . 



[Flow scheme] 

r Reaction mixture I 

• Sampling • Samplin 

• '?iltration -0 . 1 mol 

(under pre:>sure, toluene 

Millipore filter HA) • Shake ( 

-Me thana 
I I 

I Residu: I I Filtrat~ -3.3 mvl 
I • Shake ( 

___1 I 

ample tor Sample for • Centr if s 
HP LC analysis TOC analysis 

TDA analysis) (DOC analysis) 

Lower layer I 
Sample for 

HPLC analy~is 

(TDI analysis) 

g 1 ml 

/l 1-(2-pyridyl)piperazine in 

1 ml 

30 sec) 

l 4 ml 

/l acetate buffer(pH 5.2) 600 pi 
30 sec) 

uge (1000 x 9· 1 min) 



5.1.3 Analytical conditions 
All samples ~retreated as described in 5 . 1.2 were analysed with 

HPLC and TOC analyzer under fol l owing conditions . 

(1) Analysis of TOI 

(DAnalytical conditions 
Instrument High performance liquid chromatograph 

Column Inertsil OOS - 7 (Gasukuro Kogyo Inc.) 

5 em:: 8 mm~ • stainless steel 

Eluent Acetonitrile/0 . 1mol/l acetate buffer (3/7 V/V) 

Flow rate 2 ml/min 

Detection wave l2ngth 

247 nm 

Injection volume 6 pi 

@Preparation of standard solutio11s 

Standard solutions were prepared according to the flow scheme . 

[Flow schem,~] 

L£:urif~~d •:ater ~ 
-T- 0 1n toluene 50p 1 (20000 mg/1) 

-0 . 1 mol/1 1-(2-pyridyl)piperazine in toluene 1 ml 

• Shake ( 30 sec) 

.-.-Jethanol 4 ml 

-3 .3 mo l /1 acetate buffer(pH 5 . 2) 600 

• Shake ( 30 sec) 

• Centrifuge (1000 x 9. 1 rr.in) 

Standard solution 



(2) Analysis of TDA 

Q)Analytical conditions 

Instrument High performance liquid chromatogr:!ph 

Column UNISIL Q CN (Gasukuro Kogyo Inc.) 

10 em x 4 .6 mm' , stainless steel 

Eluent *1 2m mol/1 TBA and 

Flow rate 

5m mol/1 phosphate buffer (pH 7.5) solution 

1 ml/min 

Detection wavelength 

284 run 

Injection volume 10 pi 

1 tetra-n-butylammonium bromide 

GDPreparation of standard solutlon 

Standard solutions of 1000 mg/1 for 2,6-TDA were made by 

dissolving 100 mg of the samples in 100 ml of purif~ed water and 

diluted with purified water to concentrations of 20 mg/1 2,6- TDA . 

(3) Analysis of DOC 

Instrument Shimadzu total organic carbon analyzer TOC-500 

Temperature of furnace 

680 t 
Carrier gas 

Flow rate 

Injection volume 

air 

150 ml/min 

10 pi 



5.2 Static system 

5 .2 .1 Reaction condition 

Test substance 

Water temperature 

Water 

Test procedure 

Vessel 

Apparatus 

T-0 {2,6-TDI) 

27 ± 1 t 
Purified water 

Three 15 ml beakers were p~aced on the 

bottom of one liter beaker which had been 

already filled with water , then each 5 g 

TDI (density 1 . 22 x 4.1 ml • 5 g) was 

~utted slowly avoiding turbulence on 

the bottom of each three small beakers 

with measuring pipet~e. and was kept in a 

thermostat. 

One liter beaker 

Thermostat 



5.2 . 2 Pretreatment of analytical s~;le 
15 ml beakers were taken out from the one liter beaker and the 

reaction mixtures in them were pretreated by follot~ing scheme for 

quantification of the residual TDI. 

[Flow scheme] 

I 

[ Reaction mixture in 15 ml beaker I 
.-Toluene 200 ml 

• Homogenize 

[ Lower layer [ r Upper layer I 
• Fill up 250 ml (toluene) 

• Sampling 50 ~ 1 

.-0 .1 mol/1 1-(2-pyridyl)piperazine in 

toluene 0.5 ml 

• Shake ( 30 sec) 

• F i 11 up 25 ml (ace toni tri le) 

! Sample for HPLC analysis l 
(TDI analysis) 



5.2.3 Analytical condition 
The amount of the residual TDI in the pretreated sample was 

determined as follows. 

(1) Analytical conditions 

The same as in 5.1.3 (1) Q). 

(2) Pr~paration of standard solutions 
Standard solutions were prepared according to the following 

flow scheme. 

[Flow scheme] 

·1-0 in toluen 50 p 1 (20000 mg/ 1) 
+-0.1 mol/1 1-(2-pyridyl)piperazine in 

toluene 0 .5 ml 

• Shake ( 30 sec) 

• Fill up 25 ml (acetonitrile) 

Standard solution 



6. Results 

6.1 Vigo~ous stirring system 

6.1.1 Residue of TDI 

TDI disappeared rapidly after addition to water under the vigorous 

stirring condition and after 24 hours it disappeared completely . 

Figure 1 shows the time-cou4se of residual TDI for T-0 together 

with those for T-100 and T-80. There is the tendency that the 

disappearance rate of TDI increase slightly in order of 

T-100 > T-80 ~ T-0. 

1oo r 

80 

60 

40 

20 

--<>-- T-100 --·-' I • 
I\ -·-·0·-· 

T-80 

T-O 
I ; 
I ·, 
I . 

dJ 
I ' I ·,. 
\ '·, 
I ·, 

0---::.· 
o~--~~~~- ~~·~_. ~_.~_.~_.~_· ~~~-~~~~~~~~~~~--~ 

0 1 0 20 30 

Time (hours) 

Figure 1. Residual TOI in purified water 

(Comparison of TOis (T-100, T-80 and T-0)) 
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6 .1.2 Concentration of TDA 

TDA of 28.8 mg/L was detected after 0.5 hour of test and it 

increased gradually. Figure 2 shows the time-course of TDA production 

for three test substances. More than 80% of final amount of TDA was 

produced within 0.5 hour for three test substances. Final amount of 

TDA for T-0 was two times those for T-100 and T-80, but percent 

production of TDA for 2,4-TDA and 2,6-TDA in T-80 were the same as 

T-100 and T-0, respectively (Figure 3). 

:::J ..... 

r 
< 
0 
I--0 
c: 
.Q 
~ 
c 
cu 
u 
c: 
0 
(.) 

60 

so 

40 

30 
p-·· 

20 

10 

0 
0 

--o-- T-100 . 

--+- T-80 

-·-·-Q·-· T·O 

~- -·-·-·- · -·-·-·- · -·-·- · -·-·-·- · -·-[] 
o--·-·-·-·~ 

---------------- ... 

1 0 20 

Time (hours) 

30 

Figure 2. Concentration of TUA in purified water 

[Comparison of TDis (T-100, T-80 and T-0)] 
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~ L 
<: 
0 
I-
0 
Q) 

iO - .... 
c 
.Q 
iO 
§ 
0 u. 

10 ---o-- T-100(2,4-TDA) 

····'{]··· T-80(2,4-TDA) 

-·-·•·-· T-80(2,6-TDA) 

--...-- T-0(2,6-TDA) 

5 
········-···-···---~ ......, _____ -.,~..,_------- .... 

.&..----:.·· 
,.~ ... · 

Time (hours) 

Figure 3 . Formation rate of TDA isomers 

[Comparison of TDAs (2,4-TDA, 2,6-TDA)) 
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6.1.3 Concentration of dissolved organic carbon (DOC) 

DOC' value of test solution was 51.2 a~g/L after 0.5 hour ::md 

increased slightly after 1 day, followed by gradual decreasing . It was 

higher than T-100 and T-80 during whole test period (Figure 4). From 

Figure 2 and 4, 59.1% of DOC at the end of test was attributed to TDA 

for T-0, while the contribution of TDA to DOC was 28.2 %and 32.8 % 

for T-100 and T-80. respectively. 

60 
0 ' . . ·, 

50 ·, 
0·-·-·-·-·fi ,..·:·:·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-0 
,,~' ---------

40 ,.-· / -------. E 
g 
Cl 

0 
c 
.Q 

30 

~ 20 c 
G) 
u 
c 
8 10 

-o-- T-100 

--+-- T-80 

-·-·O·-· T-O 

0 L-----~----~~----~----~------~----~ 
30 0 , 0 20 

Time (hours) 

Figure 4. Concentration of DOC (Comparison of TDis (T-100, T-80 and T-0)] 
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6 . 1.4 Peak of retention time 5 . i : 

The peak of the reactlv ' products other than TDA was observed at 

the retention time of 5 minL - ~ under the condition of 5.1 . 3 (2)~ . 

The peak height of this peak is shown below . 

50 r Q.. 

.co 

30 ~--------------- --o 
e .s 
.E 20 .2' .. 
J::. 
.:>1! 

"' .. 10 Q.. 

0 
0 10 20 30 

Time (hours) 

Figure 5-l . Peak of retention time 5 min 

TDA 

Peak of retention time 5 min 

Figure 5-2. Chromatogram of the reaction products 
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6.1.5 Water-insoluble reaction product 
The solubility of water-insoluble reaction product to the 

following solvents was examined, but it was insoluble to all 

solvents examined. Accordingly it was impossible to determine the 

molecular weight distribution of it by HPLC. 

Solvents for solubility test 
• N,N-Dimethylformamide containing 10m mol/1 LiCl 

• N, N-Dimethy lformamide 

• Dimethylsulfoxide 

• N. N-Dimethylacetamide 

• Hexamethyl triamide Phosphate 

• Tetrahydrofuran 

• Chloroform 

• Hexane 

• Ace toni tr i le 

• m-Cresol 



6.2 Static system 

6.2.1 Residue of TDI 

Under static condition, the disappearance rate of TDI was 

largely slow compared with T-100 and T-80 and then the test was 

continued for three months. 43.4% of TDI, however , remained even 

after 91 days . 

Figure 6 shows the variation of residual TDI for three test 

substances under static condition . The disap~~arance curve of TDI 

(2,6-TDI) for T-0 was seemingly linear with time like T-100 (2,4-

TDI), but the disappearance rate was slower b: ~factor of more for 

T-O than fifteen than for T-100. 

100 

0 
80 

0 
~ 0 

60 4) 
n; .... )( 
iij 
:J )( 
'0 0 
'iii 40 )( QJ 

a: )( 0 T·100 
)( )( 

0 )( 
)( )( T-80 )( )( 

20 
0 T-0 

0 
0 

0 20 40 60 80 100 

Time (days) 

Figure 6 . Comparison of residual rate of TDI samples (T- 100, T-80 and T- 0) 

under static condition 
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100 

80 ~· 
g 

~ o. •• !:!.- , 
Q) 60 • 
~ • 
~ • 0 T-80(2,4-TOI 
:::> 

:'!2 0 • A 
V) 40 0 T-80(2,6-TDI) Q) • a: 

0 /). T-1 00(2,4-TOI} /). 
0 

0 

20 
0 A T-0(2,6-TOI) 0 0 0 

0 

/). 

0 
0 20 40 60 80 100 

Time (days) 

Figure 7 . Comparison of residual rate of TDI isomers (2,4-TDI, 2,6-TDI} 

under static condition 

1 9 



6.2:2 Concentration of TDA 
TDA of 3.7 mg/L was detected after 5 days and increased gradualy 

to 9 .4 mg/L at the end of test. These values of TDA was about one

half of those of T-100 and T-80, though there was the tendency to 

increase even at the end of test . 

< 
0 r-
0 
c 
.Q 
ni ... 
E 
(I) 

0 c 
0 
(.) 

30 

20 

10 

/}-·· 
I 

I 
I 

o··-···-·-···-D···-····· 
.-· -·-

--o-- T -1 OO(TDA) 

---+-- T-BO(TDA) 

- ·· ·O·-- T-O(TDA) 

r;. -·- · -·-·-·-·-·-·-·-·- 0 -. "-' 

0 L-.--~--~--._--~ ___ ._ __ ~--~--~--~--~ 
80 100 0 20 40 60 

Time (days) 

Figure B. Concentrat ~ on of TDA under static condition 

[Comparison of TDis (T-100, T-80 and T-0)] 
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7. Conclusion 

The fate of 2,6-TDI (T-0) in water was investigated under two 

conditions, vigorous stirring and static conditio~s. and the results were 

compared with those of T-100 and T-80. 

The following results were obtained : 

(1) Under vigorous stirring condition, 

TDI disappeared completely after 24 hours. but the 

disappearance rate of TDI Has slightly slower than T- 100 and T-80 . 

The amount of TDA (2.6-TDA) produced was two times that of T-

100 (2,4-TDA). 
DOC of test solution at the end of test was nearly the same as 

T-100 and T-80 and 59 . 1% of DOC value was TDA for T-0. 

Water insoluble product was not soluble in any organic 

solvents tested and then the molecular weight of it could not be 

Tu be determined. 

(2 ) Under static condition. 
2,6-TDI (T-0) disappeared linearly like 2,4 -TDI (T- 100). but 

the disappearance rate of 2 6- TDI was slower by a factor of more 

than fifteen than 2,4 -TDI . 43.4% of TDI remained after 91 days . 

The amount of fDA produced increased gradualy until the end of 

test . It was about one half of that for T- 100 anc T- 80 . 

2 1 
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